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Complement plays a pivotal role in the regulation of innate and adaptive immunity. It has been shown that
the binding of C1q, a natural ligand of gC1qR, on T cells inhibits their proliferation. Here, we demonstrate that
direct binding of the hepatitis C virus (HCV) core to gC1qR on T cells leads to impaired Lck/Akt activation and
T-cell function. The HCV core associates with the surface of T cells specifically via gC1qR, as this binding is
inhibited by the addition of either anti-gC1qR antibody or soluble gC1qR. The binding affinity constant of core
protein for gC1qR, as determined by BIAcore analysis, is 3.8 � 10�7 M. The specificity of the HCV core-gC1qR
interaction is confirmed by reduced core binding on Molt-4 T cells treated with gC1qR-silencing small
interfering RNA and enhanced core binding on GPC-16 guinea pig cells transfected with human gC1qR.
Interestingly, gC1qR is expressed at higher levels on CD8� than on CD4� T cells, resulting in more severe
core-induced suppression of the CD8�-T-cell population. Importantly, T-cell receptor-mediated activation of
the Src kinases Lck and ZAP-70 but not Fyn and the phosphorylation of Akt are impaired by the HCV core,
suggesting that it inhibits the very early events of T-cell activation.

Hepatitis C virus (HCV) is a serious and growing threat to
human health, having infected more than 170 million people
worldwide. A remarkable feature of HCV is its ability to es-
tablish chronic infection. Indeed, the virus persists in �85% of
patients following acute infection. These individuals carry an
increased risk of developing various liver diseases, including
cirrhosis and hepatocellular carcinoma (9). Unfortunately, no
vaccine or effective treatment for HCV is currently available,
and the mechanism(s) for the establishment of persistent HCV
infection remains elusive.

CD4�- and CD8�-T-cell dysfunction may be a mechanism
by which persistent HCV infection is established, because early
and sustained CD4�- and CD8�-T-cell responses appear to be
crucial for controlling HCV infection (7, 11, 21). The different
clinical outcomes of HCV infection are associated with the
relative strengths of antiviral cytotoxic T-lymphocyte responses
(14, 17, 29, 39, 40). For patients with chronic hepatitis C,
however, the frequency and magnitude of T-cell responses are
dramatically lower than those for patients with self-limited
infection (5, 34, 42). Correspondingly, the Th1-type cytokines
are severely diminished in the periphery of patients with
chronic HCV infection (20). This finding suggests that insuffi-
cient T-cell responses may be responsible for the establishment
of persistent HCV infection. However, the mechanism of im-
paired T-cell function observed in patients with chronic HCV
infection has yet to be defined. It is likely that a gene prod-
uct(s) encoded by HCV directly affects T-cell functions crucial
for limiting virus replication.

Various investigators previously demonstrated the immuno-

modulatory role of the HCV core in the inhibition of T-lym-
phocyte responsiveness (18, 19, 44, 45, 46). Furthermore, den-
dritic cell maturation and, correspondingly, their CD4�-T-cell-
priming ability are impaired by the HCV core, leading to a
defect in the induction of anti-HCV T cells (36, 37). Impor-
tantly, free core protein (non-virion associated) is secreted
from infected cells and is detectable in the bloodstream of
HCV-infected patients, possibly providing the virus with an
indirect means of affecting host immunity (2, 25, 26, 43). This
free core protein has been shown to interfere with both pro-
liferation and effector activities of human T cells through its
interaction with a complement receptor, gC1qR, in a mixed-
lymphocyte reaction (18, 44, 45, 46). However, it is not clear
whether the inhibition of T-cell function by the HCV core
results directly from core interactions with T cells and/or indi-
rectly from core-induced effects on antigen-presenting cells.
Notably, treatment of T cells with C1q, a natural ligand for
gC1qR, can inhibit their proliferative responses to mitogenic
stimulation, suggesting that gC1qR may play a role in fine-
tuning cellular immune responses by bridging innate and adap-
tive immunity (12).

C1q is part of the C1 complex, which is the first component
in the classical pathway of complement activation, and thus
plays a crucial role in the early defense against pathogens,
including viruses and bacteria. The C1q receptor is a het-
erodimer consisting of a 33-kDa glycoprotein, gC1qR, and a
60-kDa calreticulin homologue, cC1qR. Although gC1qR lacks
a transmembrane domain and is expressed mainly inside cells,
it is also found on the surface of immune cells, such as mac-
rophages and T cells, where it may be anchored through its
association with �1-integrin (10, 12). In addition to the HCV
core, gC1qR has been shown to bind a number of pathogen-
derived proteins, including human immunodeficiency virus
type 1 Rev (23), adenovirus core protein V (27), Epstein-Barr
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virus EBNA-1 (41), herpes simplex virus open reading frame
protein P (4), Listeria monocytogenes internalin B (3), and
Staphylococcus aureus protein A (31); these data suggest that
many different pathogens exploit a similar strategy to subvert
the host immune response. The underlying mechanism for the
role of gC1qR in the inhibition of T-cell function and its
possible role in HCV persistence have yet to be elucidated.

To address this issue, we examined the ability of the HCV
core to bind gC1qR displayed on the T-cell surface as well as
the functional impact of this core-gC1qR interaction on
CD4�- and CD8�-T-cell subsets. Here, we show that the HCV
core directly binds gC1qR on T lymphocytes, resulting in the
inhibition of both their activation and their proliferation.
gC1qR is expressed at higher levels on CD8� T cells and,
correspondingly, the core elicits more severe suppression on
CD8� T cells than on CD4� T cells. In addition, the T-cell
receptor (TCR)-mediated activation of Lck and ZAP-70 and
the subsequent phosphorylation of Akt in both CD4� and
CD8� subsets are impaired by the HCV core-gC1qR interac-
tion on the surface of T cells. This study indicates that core-
induced inhibition of T cells may accommodate the establish-
ment of persistent infection, a finding which provides a target
for potential HCV therapies.

MATERIALS AND METHODS

PBMC isolation and culture. Human peripheral blood mononuclear cells
(PBMC) were isolated from the peripheral blood of donors at Virginia Blood
Services by Ficoll density centrifugation with Lympholyte-H (Cedarlane Labs,
Hornby, Ontario, Canada). Purified cells were washed two times and cultured with
RPMI 1640 (Life Technologies, Gaithersburg, Md.) containing 10% (vol/vol) fetal
bovine serum (FBS) (Life Technologies), penicillin-streptomycin (100 �g/ml for
each drug; Life Technologies), L-glutamine (2 mM), and 2-mercaptoethanol (5.5 �
10�5 M; Life Technologies) at 37°C with 5% CO2 in a humidified atmosphere.

T-cell proliferation analysis. Subsets of CD4� or CD8� T cells were purified
directly from whole blood by adding RosetteSep antibody cocktail before density
gradient centrifugation in accordance with the manufacturer’s instructions
(StemCell Technologies Inc., Vancouver, British Columbia, Canada). To activate
naive human T cells, anti-CD3/CD28 antibodies (1 �g/ml; BD Pharmingen, San
Diego, Calif.) or concanavalin A (ConA) (2 �g/ml; Sigma, St. Louis, Mo.) was
used. Recombinant core protein with six histidine residues fused at the N ter-
minus (His6-core; amino acids 2 to 191) was expressed and purified under native
conditions in our laboratory. An irrelevant control protein, His6-dihydrofolate
reductase (DHFR), was prepared in the same manner.

For T-cell proliferation analysis, various concentrations of His6-core, His6-
DHFR, or C1q (Advanced Research Technologies, San Diego, Calif.) were
added to purified CD4� or CD8� T cells (2 � 105 cells/200 �l/well) activated as
described above. The cultures were incubated in a U-bottom 96-well tissue
culture plate (Corning Glass, Corning, N.Y.) for 5 days and pulsed with [3H]thy-
midine (specific activity, 6.7 Ci/mmol; Amersham Pharmacia Biotech Inc., Pis-
cataway, N.J.) at 1 �Ci/well for 18 h. The cells were harvested by using semiau-
tomated cell harvester 96 (TOMTEC, Hamden, Conn.), and the amount of
[3H]thymidine incorporated was measured by using a Wallac MicroBeta liquid
scintillation counter (Trilux, Turku, Finland). To examine whether gC1qR me-
diates core-induced T-cell suppression, various concentrations of anti-gC1qR
polyclonal antibody (PAb), rabbit control serum (1:10 and 1:100 [vol/vol] dilu-
tions; QED Bioscience Inc., San Diego, Calif.), or soluble His6-gC1qR or His6-
DHFR (2, 4, and 8 �g/ml; prepared in our laboratory) were coincubated with 1
�g of His6-core/ml, and T-cell proliferation was assessed as described above.

Flow cytometry. To determine core binding, various concentrations (0.5, 1, 2,
4, and 8 �g/ml) of His6-core protein were incubated with 106 human PBMC at
37°C for 2 h. The cells were washed three times and resuspended with 1 �g of
anti-HCV core monoclonal antibody (MAb) (ABR Inc., Golden, Colo.)/100 �l of
fluorescence-activated cell sorting (FACS) medium (RPMI 1640 supplemented
with 10% FBS and 0.1% NaN3) on ice for 1 h. The cells were washed three times
and resuspended in 100 �l of FACS medium containing 1 �g of fluorescein
isothiocyanate (FITC)–polyclonal anti-mouse immunoglobulin (BD Pharmin-
gen) at 4°C for 1 h in the dark. The cells were washed three times, fixed in 0.1%

paraformaldehyde in phosphate-buffered saline, and analyzed by flow cytometry
(Becton Dickinson, San Jose, Calif.).

To determine gC1qR expression on lymphocytes, 106 PBMC were incubated
with 1 �g of anti-gC1qR MAb (University of Virginia Hybridoma Center)/100 �l
of FACS medium at 4°C for 1 h. The cells were washed three times and resus-
pended in 100 �l of FACS medium containing 1 �g of phycoerythrin (PE)–
polyclonal anti-mouse immunoglobulin at 4°C for 1 h in the dark. The cells were
analyzed by flow cytometry gated on the lymphocyte population. To determine
gC1qR expression on CD4�- and CD8�-T-cell subsets, the cells were stained
first with FITC–anti-CD4 or FITC–anti-CD8 conjugate (BD Pharmingen) and
then with PE-gC1qR as described above.

To determine CD69 expression on activated T cells, 106 PBMC were stimu-
lated with ConA and simultaneously treated with either His6-core or His6-DHFR
at 1 �g/ml for various times. The cells were washed three times in FACS
medium, spun at 200 � g for 5 min at 4°C, resuspended in 100 �l of FACS
medium containing 1 �g of PE–anti-CD69 conjugate (BD Pharmingen), incu-
bated at 4°C for 1 h in the dark, and subjected to FACS analysis. To determine
CD69 expression on CD4�- and CD8�-T-cell subsets, the cells were stained first
with FITC–anti-CD4 or FITC–anti-CD8 conjugate and then with PE–anti-CD69
conjugate as described above.

siRNA silencing of gC1qR expression. To generate a double-stranded RNA
template for gC1qR, a primer pair containing the T7 RNA polymerase promoter
(underlined) was synthesized: sense, 5�-GCGTAATACGACTCACTATAGGG
AGACGGCACCCCGGCTGTGCACC-3�; and antisense, 5�-GCGTAATACG
ACTCACTATAGGGAGACTACTGGCTCTTGACAAAAC-3�. Total RNA
was isolated from 5 � 106 human PBMC with TRIzol reagent (Life Technolo-
gies) by following the manufacturer’s protocol. A total of 1 �g of RNA was
treated with DNase, and cDNA was synthesized by using a cDNA synthesis kit
(PE Applied Biosystems, Foster City, Calif.). PCR was performed with a total
reaction volume of 50 �l containing 10 �M deoxynucleoside triphosphates, 40
pM primers, and 2.5 U of AmpliTaq gold polymerase (PE Applied Biosystems).
After an initial step at 95°C for 5 min, 45 cycles of amplification were conducted
at 95°C for 40 s, 55°C for 30 s, and 72°C for 40 s, followed by a final step at 72°C
for 10 min. After Geneclean (Qbiogene Inc., Carlsbad, Calif.) treatment of the
gC1qR PCR product, double-stranded RNA was transcribed from the gC1qR
DNA template, and small interfering RNA (siRNA) was generated by using
recombinant DICER enzyme (Gene Therapy Systems Inc., San Diego, Calif.).

For T-cell transfection, 2 �g of siRNA in 50 �l of diluent was incubated with
10 �l of GeneSilencer reagent in 40 �l of diluent at room temperature for 30
min. The siRNA-GeneSilencer complex was gently added to 5 � 105 Molt-4 T
cells in 500 �l of serum-free lymphocyte medium (Life Technologies). At 4 h
after transfection, 500 �l of RPMI 1640 containing 20% FBS was added, and the
cells were harvested at various times after transfection. Total RNA was extracted
from transfected and untransfected cells, and reverse transcription (RT)-PCR
was performed as described above but with a different gC1qR primer pair: sense,
5�-GGCTGCGGCTCGCTGCACACCGACGG-3�; and antisense, 5�-CTACTG
GCTCTTGACAAAACTCTTGAG-3�. The specificity of the gC1qR-siRNA ef-
fect was verified by measuring the amount of �-actin cDNA in each sample. The
levels of gC1qR expression and HCV core binding on the surface of Molt-4 T
cells were detected by FACS analysis as described above.

Stable transfection of GPC-16 cells with Hu-gC1qR. GPC-16 cells, a guinea
pig cell line of epithelial origin (American Type Culture Collection, Manassas,
Va.), were transfected with plasmid pCI:neo encoding human gC1qR (Hu-
gC1qR) by using DMRIE-C (Life Technologies). Transfected cells were cultured
with selection medium containing 400 �g of G418 (Life Technologies)/ml. The
expression of gC1qR was verified by Western blot or FACS analysis with gC1qR
PAbs (QED Bioscience) or MAbs (University of Virginia Hybridoma Center).
Transfected and untransfected cells were also assessed for their ability to bind
the HCV core as described above.

For sequence comparisons of gC1qR from guinea pigs and gC1qR from
humans, RNA isolated from GPC-16 cells was treated with DNase, and RT-PCR
was performed as described above. The PCR products so obtained were cloned
into a TA cloning vector (Invitrogen, Carlsbad, Calif.). The DNA purified from
positive clones was sequenced and analyzed by using DNA Strider 1.2.

GST pull-down analysis. Glutathione S-transferase (GST) and GST-core
(amino acids 1 to 124) fusion protein were expressed in Escherichia coli DH5�
after transformation of E. coli with plasmid pGEX4T or pGEX:C1-124. GST and
GST-core fusion protein were purified by using glutathione-agarose beads
(Sigma) in accordance with the supplier’s recommendations. To perform in vitro
transcription-translation, Hu-gC1qR and guinea pig gC1qR were subcloned from
the TA cloning vector into the pCI:neo vector by using restriction enzymes NheI
and NotI. gC1qR labeled with [35S]methionine was generated by using a coupled

6410 YAO ET AL. J. VIROL.



transcription-translation system (TNT) from Promega Corp. with pCI:gC1qR as
a template.

To perform GST pull-down analysis, GST (200 ng) or GST-core fusion protein
coupled to 30 �l of glutathione-agarose beads (50% slurry) was incubated for 1 h
at 4°C with [35S]methionine-labeled gC1qR in 500 �l of a buffer solution con-
taining 40 mM HEPES-KOH (pH 7.5), 150 mM KCl, 0.5 mM EDTA, 5 mM
MgCl2, 1 mM dithiothreitol, 1 mM phenylmethylsulfonyl fluoride, and 0.1%
Nonidet P-40. To minimize potential bead loss during subsequent washes, the
buffer was mixed with glutathione-agarose beads adjusted to a total bead volume
of 30 �l per reaction. After the incubation, the beads were washed five times with
the same buffer. The bound proteins were eluted with sodium dodecyl sulfate
(SDS)-polyacrylamide gel electrophoresis (PAGE) loading buffer and analyzed
by SDS-PAGE and autoradiography.

BIAcore analysis. gC1qR was covalently coupled to a BIAcore CM5 carboxym-
ethylated dextran chip. Briefly, the chip surface was first activated with 10 mM
sodium acetate (pH 4.0) at a flow rate of 10 �l/min for 10 min. gC1qR (50 �g/ml)
was injected into the system at 10 �l/min for 10 min. The chip surface was deacti-
vated for 7 min with ethanolamine-HCl (pH 8.5). To test the relative binding
affinities of C1q, His6-core, and His6-DHFR, various concentrations of these pro-
teins were injected at a flow rate of 50 �l/min for 1 min, after which they were
dissociated for 2 min in a buffer containing 0.01 M HEPES (pH 7.4), 0.15 M NaCl,
3 mM EDTA, and 0.005% (vol/vol) Surfactant P20 (Biacore Inc., Piscataway, N.J.).
The chip was regenerated in 10 mM glycine (pH 3.0) for 2.5 min. Kinetic parameters
were defined by using the BIA analysis computer program.

Western blot analysis. CD4� and CD8� T cells were purified from human
PBMC by incubation with FITC–anti-CD4 and FITC–anti-CD8 conjugate, fol-
lowed by positive isolation with anti-FITC magnetic beads (Miltenyi Biotec,
Auburn, Calif.) in accordance with the manufacturer’s instructions. A total of 2
� 106 purified CD4� and CD8� T cells were activated with anti-CD3/CD28
antibodies and treated with His6-core or His6-DHFR for 16 h. Cell lysates were
prepared for 30 min at 4°C with a lysis buffer containing 20 mM Tris (pH 7.5),
150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1% Triton X-100, 2.5 mM sodium
pyrophosphate, 1 mM �-glycerophosphate, 1 mM sodium vanadate, 1 �g of
leupeptin/ml, 1 mM phenylmethylsulfonyl fluoride, and 5 �M okadaic acid. The
cell lysates were sonicated three times for 1 min each time. Cellular debris was
pelleted by centrifugation at 16,000 � g; supernatants were collected and frozen
at �80°C.

A total of 80 �g of protein, as determined by bicinchoninic acid analysis
(Pierce, Rockford, Ill.), was denatured with sample loading buffer at 100°C for 5
min and resolved by SDS-PAGE; these steps were followed by semidry transfer
(Amersham Pharmacia Biotech) to a Hybond-P membrane (Amersham Bio-
sciences, Arlington Heights, Ill.). After blocking in Blotto-Tween 20 (10 mM
Tris, 0.9% NaCl, 0.1% Tween 20, 5% nonfat dry milk) at room temperature for
1 h, the membrane was probed with MAbs (Santa Cruz Biotechnology, Santa
Cruz, Calif.) to p56 Lck (1:500), p59 Fyn (1:500), and ZAP-70 (1:1,000) or rabbit
PAbs (Cell Signaling Technology, Beverly, Mass.) to phospho-Akt (1:1,000), Akt
(1:1,000), and �-actin (1:500). After several 5-min washes with Tris-buffered
saline–Tween and Tris-buffered saline, the membrane was incubated with horse-
radish peroxidase-conjugated donkey anti-mouse or anti-rabbit immunoglobulin
G (IgG) secondary antibodies (1:5,000) and subsequently developed by enhanced
chemiluminescence (ECL-plus; Amersham Biosciences) on X-OMAT-LS X-ray
film (Kodak, Rochester, N.Y.).

Kinase assay. A total of 3 � 106 purified CD4� and CD8� T cells were
activated with anti-CD3/CD28 antibodies and treated with His6-core or His6-
DHFR for 18 h. The cells were lysed in 500 �l of Brij 98 lysis buffer (1% Brij 98,
25 mM Tris [pH 7.5], 150 mM NaCl, 5 mM EDTA, 1 mM Pefabloc, 5 mM
iodoacetamide, 1 mM Na3VO4, 1 mM NaF). A total of 100 �g of total cell lysate
was immunoprecipitated with 10 �l (2 �g) of anti-Lck antibody (Santa Cruz
Biotechnology) and 50 �l of protein G/A-plus agarose (Santa Cruz Biotechnol-
ogy) in 500 �l of phosphate-buffered saline at 4°C for 2 h with rotation. Lck
precipitates were washed two times with Brij 98 lysis buffer and kinase assay
buffer (0.1% Brij 98, 25 mM HEPES [pH 7.4]), respectively, before incubation at
30°C for 20 min with 30 �l of assay buffer, containing 10 mM MnCl2, 5 �Ci of
[	-32P]ATP (3,000 Ci/mmol; Amersham Biosciences), and acidified enolase (5
�g; Sigma-Aldrich). After the addition of 30 �l of 2� sample buffer and boiling
at 100°C for 5 min, Lck kinase activity was detected by SDS–15% PAGE,
followed by phosphorimager analysis (Molecular Dynamics).

RESULTS

HCV core directly binds to gC1qR on the surface of human
T cells. It was previously demonstrated that the interaction of

the HCV core with gC1qR inhibits T-cell proliferation in a
mixed-lymphocyte reaction (18, 44). To determine whether the
HCV core-gC1qR interaction is responsible for the inhibition
of T-cell function, we examined the requirement of gC1qR for
core binding on the surface of T cells. We first analyzed core
binding to lymphocytes incubated with recombinant His6-core
or a control protein, His6-DHFR, by flow cytometry. As shown
in Fig. 1A, the HCV core was found to bind to the surface of
lymphocytes in a dose-dependent manner. Importantly, HCV
core binding to the cell surface was saturated at core concen-
trations above 4 �g/ml. This result suggests that the binding
sites for the core on these cells are fully occupied and that the
binding of the core to the cell surface is mediated through a
specific receptor. In the absence of the core protein or in the
presence of His6-DHFR, the fluorescence profile was identical
to that of the isotype control, suggesting that the anti-core
MAb used in this assay is specific for the core (data not shown).

To determine whether the binding of the HCV core to the
surface of T cells is specifically mediated by its interaction with
gC1qR, we first examined the ability of anti-gC1qR antibody to
prevent the core from associating with these cells. To this end,
T cells were incubated with the HCV core and either anti-
gC1qR antibody or a control antibody, and core binding was
assessed as described above. As shown in Fig. 1B, core binding
to T lymphocytes was blocked by anti-gC1qR antibody, while
binding was unaffected by control antibody. Additionally, in-
creasing concentrations of soluble gC1qR, corresponding to
core/gC1qR molar ratios of 1:2 to 1:8, were able to inhibit core
binding, as measured by flow cytometry, suggesting that soluble
gC1qR is able to compete for core binding with surface gC1qR
(Fig. 1C). There were, however, no detectable changes in the
ability of the core to bind to lymphocytes in the presence of
DHFR. Correspondingly, coincubation of PBMC with the
HCV core and various concentrations of either anti-gC1qR
antibody or soluble gC1qR was able to dose dependently re-
store the core-induced suppression of T-cell proliferation (data
not shown). Interestingly, a MAb which is directed against the
N terminus of the HCV core and which recognizes an epitope
distinct from that used for the above assays was able to block
the binding of the core to lymphocytes (data not shown).

Silencing of gC1qR expression reduces HCV core binding on
the surface of T cells. RNA interference (RNAi) is a useful
tool for the study of gene function because it allows for se-
quence-specific gene suppression in a variety of mammalian
cell types. This mechanism of gene silencing involves targeted
mRNA degradation, which results from the introduction of 21-
to 25-nucleotide siRNAs. In order to confirm whether gC1qR
is required for the core to bind to the surface of T cells,
gC1qR-specific RNAi was used. Briefly, following transient
transfection of Molt-4 T cells with gC1qR-specific interfering
RNA, gC1qR expression and core binding ability were deter-
mined by RT-PCR and FACS analysis, respectively. As shown
in Fig. 2A, gC1qR mRNA expression was markedly diminished
as early as 24 h, with the strongest suppression being observed
48 h after transfection. In contrast, no effect was observed in
untransfected cells or �-actin expression. Correspondingly,
gC1qR expression on the surface of transfected T cells was also
inhibited, consistent with the observed mRNA levels (Fig. 2B).
In addition, the ability of the HCV core to associate with these
cells was also decreased. Importantly, both gC1qR expression
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and core binding to the surface of these cells were most inhib-
ited at 48 h and recovered by 72 h posttransfection, suggesting
that the ability of the HCV core to bind to the cell surface
strongly depends on gC1qR expression.

Transfection of GPC-16 cells with Hu-gC1qR enhances core
binding. To further characterize the specificity of the interac-
tion between the HCV core and gC1qR, we compared the
relative abilities of the HCV core to bind to Hu-gC1qR-trans-
fected GPC-16 cells and untransfected cells. GPC-16 cells are
a guinea pig cell line to which the HCV core binds less effi-

ciently than to human cells, such as Molt-4 cells and PBMC
(data not shown). To this end, GPC-16 cells were stably trans-
fected with a plasmid encoding Hu-gC1qR, and the increased
expression of gC1qR in this transfected cell line was confirmed
by FACS and Western blot analyses (data not shown). The
cells then were incubated with the HCV core and assessed for
core binding as described above. As shown in Fig. 3A, core
binding was significantly higher on Hu-gC1qR-transfected
GPC-16 cells than on untransfected cells.

We next sought to explore whether the differences in core

FIG. 1. The HCV core specifically binds to gC1qR displayed on the cell surface of T lymphocytes. (A) Dose-dependent core binding on
lymphocytes. A total of 106 PBMC were incubated with various concentrations (0.5, 1, 2, 4, and 8 �g/ml) of the HCV core at 37°C for 2 h. After
washing of the residual core protein, core binding was examined by FACS analysis with an anti-core MAb followed by FITC-labeled goat
anti-mouse IgG. N/A, not applicable. (B) Anti-gC1qR antibody (a-gC1qR) blocks core binding on lymphocytes. Cells were treated with 2 �g of
HCV core/ml in the presence of either 1:10 (vol/vol) anti-gC1qR PAb or prebleed serum at 37°C for 2 h. Core binding was measured as described
above. (C) Soluble gC1qR prevents core binding on lymphocytes. Cells were incubated at 37°C for 2 h with 2 �g of HCV core/ml in the presence
of various concentrations (2, 4, and 8 �g/ml) of soluble gC1qR (or DHFR) equivalent to core-gC1qR molar ratios of 1:2, 1:4, and 1:8, respectively.
Core binding was determined as described above. The results were reproducible in two independent experiments. M1, gated on lymphocyte
populations based on isotype control.
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binding observed above might result from sequence variations
between Hu-gC1qR and guinea pig gC1qR. Because the ma-
ture form of Hu-gC1qR is comprised of residues 74 to 283,
DNA sequence comparisons of gC1qR from transfected and
untransfected cells were performed within this region. As
shown in Fig. 3B, the cDNA-derived amino acid sequences
demonstrated 90% similarity between Hu-gC1qR and guinea
pig gC1qR. This finding supports a previously reported signif-
icant degree of cross-species conservation for this molecule
(24). While differences between the two sequences are ob-
served throughout, most occur in the N-terminal region. In
addition to 23 amino acid substitutions, the guinea pig se-
quence contains a deletion at position 177. Interestingly, 12 of
these substitutions are conserved in both the mouse and the

rat, and 10 of these 12 are identical to those observed in the
guinea pig. Importantly, within the core binding region of
gC1qR (amino acids 188 to 259, as denoted in Fig. 3B), only 7
amino acids diverge in guinea pigs and humans.

To determine whether these divergent amino acids are crit-
ical for the differences in the core binding abilities of Hu-
gC1qR and guinea pig gC1qR, we used [35S]methonine-la-
beled gC1qR probes in a GST pull-down analysis. Guinea pig
gC1qR bound GST-core much less efficiently (Fig. 3C, lane 6)
than did Hu-gC1qR (lane 5). Both Hu-gC1qR and guinea pig
gC1qR failed to bind GST alone (Fig. 3C, lanes 3 and 4,
respectively). Based on these data, it is likely that the 7 resi-

FIG. 2. RNAi-mediated gC1qR silencing inhibits core binding on
the T-cell surface. (A) Inhibition of gC1qR expression following
siRNA transfection of T cells. Molt-4 T cells were transiently trans-
fected with gC1qR-specific siRNAs. At 24, 48, and 72 h after trans-
fection, gC1qR-specific mRNAs from siRNA-transfected (�) and un-
transfected (�) cells were analyzed by RT-PCR. �-Actin was used as
a control. (B) Inhibition of gC1qR cell surface expression as well as
core binding on siRNA-transfected T cells. (Upper panels) gC1qR cell
surface expression in siRNA-transfected and untransfected Molt-4 T
cells was determined at 48 and 72 h after transfection by FACS anal-
ysis. The percentages of gC1qR-positive cells in siRNA-transfected
cells (thin line) and untransfected cells (thick line) are shown. (Lower
panels) HCV core binding was determined as described above. The
percentages of transfected cells (thin line) and untransfected cells
(thick line) that were positive for HCV core binding at 48 and 72 h
after transfection are shown. Gating of cells was based on an anti-
mouse IgG isotype control (light gray line). The results were repro-
ducible in two independent experiments. M1, gated on Molt-4 T cells
based on isotype control.

FIG. 3. HCV core binding on GPC-16 cells is increased upon trans-
fection with Hu-gC1qR. (A) HCV core binding on GPC-16 cells.
GPC-16 cells, both untransfected (thin line) and stably transfected
with Hu-gC1qR (thick line), were incubated with 2 �g of HCV core/ml
at 37°C for 2 h. Core binding was determined by FACS analysis as
described above. The percentages of cells that were positive for HCV
core binding, relative to the isotype control (filled area), are shown.
(B) Alignment of the cDNA-derived gC1qR sequences from humans
and guinea pigs. Amino acid residues that diverge in humans and
guinea pigs are underlined. A deleted amino acid at position 177 (D) is
notated with a dot. The HCV core binding region of gC1qR is brack-
eted. This alignment was constructed by using DNA Strider. (C) Com-
parison of the relative HCV core binding abilities of Hu-gC1qR and
guinea pig gC1qR by GST pull-down analysis. GST alone (lanes 3 and
4) or GST-core (lanes 5 and 6) was incubated with in vitro-translated
Hu-gC1qR (lanes 1, 3, and 5) or guinea pig gC1qR(lanes 2, 4, and 6).
After a pull-down reaction with glutathione-agarose beads, samples
were separated by SDS-PAGE, and [35S]Met-labeled gC1qR was de-
tected by autoradiography.
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dues which are found to diverge in guinea pigs and humans and
which fall within the core binding domain of gC1qR play a
critical role in the HCV core-gC1qR interaction.

HCV core binds gC1qR with an affinity similar to that of
C1q but delivers a stronger inhibitory signal to T cells. To
examine the affinity of binding of the HCV core to gC1qR, we
used the BIAcore system, which allows real-time measurement
of protein-protein interactions under physiological salt and pH
conditions. We covalently coupled gC1qR (50 �g/ml) to a
BIAcore dextran chip. Buffer containing various concentra-
tions of His6-core or His6-DHFR was passed over the immo-
bilized gC1qR at a flow rate of 50 �l/min. His6-core (Fig. 4A,
upper panel) bound gC1qR in a dose-dependent manner, with
an apparent Kd of 3.8 � 10�7 M, a value which falls within the
normal range for protein-protein interactions. Importantly, the
Kd for the C1q-gC1qR interaction has been reported to be 2.4
� 10�7 M (15), suggesting that the HCV core and C1q bind
gC1qR with similar affinities. In contrast, the control protein,
His6-DHFR (Fig. 4A, lower panel), failed to demonstrate
gC1qR binding.

Since both C1q (6, 13) and the HCV core (18, 44) have been
shown to inhibit T-cell proliferation, we next sought to com-
pare their relative antiproliferative abilities. To this end, we
treated ConA-stimulated PBMC with either the HCV core or
C1q at various concentrations for 5 days and examined T-cell
proliferation by measuring [3H]thymidine incorporation. As
shown in Fig. 4B, both the HCV core and C1q induced a
dose-dependent inhibition of ConA-stimulated T-cell prolifer-
ation. The HCV core, however, had a stronger inhibitory effect
on T-cell proliferation than did C1q. Specifically, 1 �g of core
protein/ml inhibited 
50% of T-cell proliferation, while the
same molar concentration of C1q (25 �g/ml) failed to induce
an inhibitory effect. In fact, subphysiological concentrations
(i.e., below 50 �g/ml) of C1q also failed to elicit significant
inhibition. T-cell proliferation was inhibited by 50% in the
presence of C1q at a concentration of 75 �g/ml, which is almost
three times the molar concentration of the core protein re-
quired to elicit the same inhibitory effect.

CD8� T cells exhibit higher levels of gC1qR and are more
susceptible to HCV core-mediated inhibition than are CD4� T
cells. gC1qR is expressed on most cell types, with the exception
of erythrocytes (12), and it is well established that PBMC from
various donors may display different receptor expression pat-
terns. Based on this information, we examined PBMC from
seven blood donors to determine whether the gC1qR expres-
sion patterns on human lymphocytes are consistent from donor
to donor. The cell surface expression of gC1qR on these lym-
phocytes was comparable in the seven individuals examined,
ranging from 59 to 68% (data not shown). We next determined
whether gC1qR is expressed at similar levels on specific CD4�-
and CD8�-T-cell subsets by flow cytometry. As shown in Fig.
5A, in all seven donors examined, the level of expression of
gC1qR was higher on the CD8�-T-cell population (i.e., 94.8%
� 2.4% [mean and standard deviation] of CD8� cells ex-
pressed gC1qR) than on the CD4�-T-cell population (i.e.,
66.1% � 4.6% of CD4� cells expressed gC1qR).

Because of the higher level of gC1qR expression on CD8� T
cells than on CD4� T cells, we next sought to determine
whether this disparity influences the HCV core-induced anti-
proliferative effect. To this end, CD4� and CD8� T cells were

FIG. 4. The HCV core, which binds gC1qR with an affinity similar
to that of C1q, elicits a stronger inhibitory signal on T cells. (A) Ki-
netics of the HCV core-gC1qR interaction and its dissociation con-
stant (Kd) determined by BIAcore analysis. Various concentrations of
the HCV core or DHFR were passed over gC1qR (50 �g/ml) co-
valently coupled to a dextran chip at a flow rate of 50 �l/min. The Kd
for the HCV core-gC1qR interaction, as determined by using the BIA
analysis computer program, is shown. Results are presented as RU/s,
where 1 RU � 1 pg/mm2. (B) Dose-dependent inhibition of T-cell
proliferation by the HCV core or C1q. A total of 2 � 105 ConA-
stimulated PBMC were incubated with various concentrations of ei-
ther the HCV core or C1q for 5 days at 37°C. [3H]thymidine was added
to the cultures 18 h prior to harvesting, and incorporation was deter-
mined by using a MicroBeta liquid scintillation counter. Error bars
indicate standard deviations. The results were reproducible in three
independent experiments.
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purified from PBMC by negative selection and subjected to
proliferation analysis as described above. Figure 5B shows that
the HCV core inhibited ConA-stimulated CD4�- and CD8�-
T-cell proliferation, while DHFR failed to elicit such an effect.
Interestingly, core-treated CD8� T cells exhibited a more sig-
nificant reduction in [3H]thymidine uptake than did the CD4�

subset, a result which correlates with the higher levels of
gC1qR detected on CD8� T cells. These results suggest a
dependence of HCV core-induced inhibition of T-cell prolif-
eration on gC1qR expression.

To further examine the role of the HCV core-gC1qR inter-
action in the inhibition of T-cell function, we next analyzed the
surface expression of CD69, an early T-cell activation marker.
We found diminished CD69 expression in core-treated cells as
early as 6 h and sustained for 5 days after treatment (data not
shown). To determine the levels of CD69 expression on CD4�

and CD8� subpopulations, ConA-stimulated PBMC were
treated with the core or DHFR for 24 h, stained for both CD69
and either CD4 or CD8, and analyzed by flow cytometry. As
shown in Fig. 5C, CD69 down-regulation was observed for
both CD4� and CD8� T cells in the presence of the HCV core,
with more significant inhibition in the CD8� subpopulation.
CD69 expression on CD4� and CD8� T cells changed from
53.3 and 90.7% in the absence of the core to 38.5 and 60.1% in
the presence of the core (i.e., mean decreases of 14.8 and
30.6%), respectively (Fig. 5C). These results are in concor-

FIG. 5. gC1qR expression and core-induced inhibitory effects are
more profound on CD8� than on CD4� T cells. (A) gC1qR expression
on CD4� and CD8� T cells. A total of 106 human PBMC were doubly
stained with either FITC-conjugated anti-CD8 or anti-CD4 and anti-
gC1qR antibody, followed by PE-conjugated anti-mouse IgG antibody.
Cells subjected to FACS analysis were gated on the lymphocyte pop-
ulation. The percentages of CD4� cells (upper panel) and CD8� cells
(lower panel) that were positive for gC1qR are shown. (B) Prolifera-
tion of CD4� and CD8� T cells in the presence of the core. Purified
CD4� and CD8� T cells were activated by ConA in the presence of the
HCV core (2 �g/ml) or DHFR (2 �g/ml) for 5 days at 37°C in a 5%
CO2 atmosphere. [3H]thymidine was added to the cultures 18 h prior
to harvesting. The uptake of [3H]thymidine was measured by using a
liquid scintillation counter. P values determined by the Student t test
are shown. Error bars indicate standard deviations. The results were
reproducible in three independent experiments. (C) CD69 expression
on activated CD4� and CD8� T cells in the presence of the core.
PBMC were activated with ConA in the presence of either the HCV
core (right panels) or DHFR (left panels) at 37°C for 24 h in a 5% CO2
atmosphere. CD69 expression on CD4� T cells (upper panels) and
CD8� T cells (lower panels) was determined by FACS analysis with
PE-conjugated anti-CD69 antibody and either FITC-conjugated anti-
CD4 or FITC-conjugated anti-CD8 MAb. The percentages of CD4�

and CD8� T lymphocytes that were positive for CD69 are shown. The
results were reproducible in three independent experiments.
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dance with the above data indicating that the HCV core in-
hibits the proliferation of the CD8� subset more significantly
than it does that of the CD4� subset.

The HCV core-gC1qR interaction impairs the activation of
Lck, ZAP-70, and Akt. It was previously demonstrated that the
TCR-dependent activation of ERK/MEK mitogen-activated
protein kinase and the subsequent induction of interleukin 2
and interleukin 2 receptor �-chain gene expression were im-
paired in core-treated T cells (44). These findings suggested
that the HCV core may inhibit an early event(s) in T-cell
signaling. The earliest signaling events coupled to TCR ligation
are the expression and activation of several protein tyrosine
kinases (PTK), including Lck and Fyn, two members of the Src
family expressed in T cells. Either one or both of these en-
zymes phosphorylate multiple immunoreceptor tyrosine-based
activation motifs located in cytosolic domains of TCR  chains.
Each immunoreceptor tyrosine-based activation motif contains
two tyrosine residues which, upon phosphorylation, serve as
binding sites for the tandem SH2 domains of ZAP-70, a Syk
family PTK. Lck or Fyn then phosphorylates bound ZAP-70,
which in turn activates downstream events in T-cell signaling
cascades.

To test the possibility that the HCV core inhibits T-cell
signaling at this early stage, we examined its effect on the
expression of Lck, Fyn, and ZAP-70 after TCR stimulation. To
this end, purified CD4� and CD8� T cells were activated by
anti-CD3/CD28 antibodies in the presence of the HCV core or
DHFR, and cell lysates were subjected to Western blot anal-
ysis. As shown in Fig. 6A, the expression of Lck (CD4�, 56%,
and CD8�, 36%, relative to anti-CD3/CD28) and ZAP-70
(CD4�, 56%; CD8�, 35%) but not of Fyn (CD4�, 93%; CD8�,
92%) was inhibited in HCV core-treated T cells compared to
those in the presence of DHFR (CD4�, 97%; CD8�, 100%) or
anti-CD3/CD28 antibodies alone (CD4� and CD8�, 100%).
Interestingly, the HCV core suppressed the expression of Lck
and ZAP-70 more profoundly in CD8� than in CD4� T cells,
consistent with our earlier results showing enhanced gC1qR
expression and core-induced suppressive effects in this popu-
lation. For analysis of Lck activation, we immunoprecipitated
Lck from TCR-activated CD4� and CD8� T cells in the pres-
ence of the HCV core or DHFR, and its PTK activity was
detected by a kinase assay with enolase as a substrate. As
shown in Fig. 6B, the relative intensity of the phosphorylated
enolase-specific band, examined by [	-32P]ATP labeling and
phosphorimager quantification, was decreased by treatment
with the HCV core (CD4�, 51%, and CD8�, 21%, relative to
anti-CD3/CD28), most significantly in CD8� T cells compared
to those treated with DHFR or anti-CD3/CD28 antibodies
alone.

TCR-mediated activation of Lck has been linked to the
induction of phosphatidylinositol 3�-kinase and Akt activities,
which are associated with cell cycle progression and the prop-
agation of an antiapoptotic signal (8). In addition, it was pre-
viously shown that the HCV core suppresses cell cycle progres-
sion from G1 to S phase through the stabilization of p27kip1

(45). It is possible that the HCV core inhibits Lck-mediated
Akt phosphorylation, resulting in cell cycle arrest. To test this
possibility, we treated anti-CD3/CD28 antibody-activated
CD4� and CD8� T cells as described above and detected the
phosphorylation of Akt by Western blot analysis. As shown in

FIG. 6. The HCV core inhibits the activation of Src family protein
kinases and Akt in T cells. (A) Src family kinase expression in CD4�

and CD8� T cells in the presence of the HCV core. Totals of 2 � 106

purified CD4� and CD8� T cells were activated with anti-CD3/CD28
antibodies (�-CD3/28) (1 �g/ml) in the presence of the HCV core (2
�g/ml) or DHFR (2 �g/ml) for 16 h. Cell lysates were subjected to
Western blotting for the detection of p56 Lck, p59 Fyn, and ZAP-70.
�-Actin was used as a loading control. The optical density, relative to
�-actin, is shown below each band. The data were reproducible in four
independent experiments. (B) Lck kinase activity in CD4� and CD8�

T cells in the presence of the HCV core. Totals of 3 � 106 purified
CD4� and CD8� T cells were activated with anti-CD3/CD28 antibod-
ies (1 �g/ml) in the presence of the HCV core (2 �g/ml) or DHFR (2
�g/ml) for 18 h. Lck tyrosine kinase activity was detected by a kinase
immunocomplex assay. The relative intensities of phosphorylated eno-
lase bands determined by phosphorimager analysis are shown. OD,
optical density. (C) Phosphorylation of Akt in CD4� and CD8� T cells
in the presence of the HCV core. Purified CD4� and CD8� T cells
were activated and treated as described above. Phosphorylated Akt
was determined by Western blot analysis; the total Akt protein level
was used as a loading control. These results were reproducible in three
independent experiments.

6416 YAO ET AL. J. VIROL.



Fig. 6C, the phosphorylation of Akt was down-regulated in T
cells treated with the HCV core (CD4�, 34%, and CD8�, 18%,
relative to anti-CD3/CD28), most significantly in the CD8�

population compared to that treated with DHFR or anti-CD3/
CD28 antibodies alone.

DISCUSSION

In this study, we demonstrated the specific binding of the
HCV core to gC1qR on T cells and explored the pivotal role of
this interaction in the core-induced inhibition of CD4�- and
CD8�-T-cell functions, respectively. We found that HCV core
binding to and inhibition of T cells depended solely on gC1qR
expression, in that increasing concentrations of soluble gC1qR
or anti-gC1qR antibody significantly diminished both. Impor-
tantly, silencing of gC1qR expression by RNAi decreased core
binding on the surface of T cells. In addition, the inefficient
binding of the core to guinea pig GPC-16 cells was greatly
enhanced upon stable transfection of these cells with Hu-
gC1qR. gC1qR was expressed at higher levels on CD8� T cells
and, correspondingly, the core elicited a more profound inhib-
itory effect on these cells than on CD4� T cells. The HCV core
was also found to suppress the activation of the Src family
kinases Lck and ZAP-70 and of Akt, all of which are important
during the early events of T-cell activation. These results sug-
gest that the core-gC1qR interaction may play a crucial role in
the impaired T-cell responses observed during HCV infection.

Despite low viral titers throughout the course of HCV in-
fection, chronic HCV is associated with impaired T-cell func-
tion, as manifested by increased susceptibility to secondary
microbial infections (1, 16, 22, 30, 32, 38). These data indicate
that the virus may produce one or more factors that counteract
or modulate host immune response. Studies on T-cell activity
during the acute phase of HCV infection have suggested that
the resolution of viral infection is associated with strong and
multispecific T-cell responses (7, 11, 14, 17, 21, 29, 39, 40).
However, the magnitude of T-lymphocyte responses is dramat-
ically lower in patients with chronic HCV infection than in
patients with acute HCV infection (5, 20, 34, 42). The immu-
nomodulatory function of the HCV core protein, as described
in this report, may contribute to the inactivation of HCV-
specific T cells by interfering with proliferative and cytolytic
activities through its interaction with gC1qR. Thus, the HCV
core-induced inhibition of T-cell function may be responsible
for dampening adaptive immunity during the early phase of
viral infection, thus facilitating the establishment of persistent
infection.

Intriguingly, the HCV core protein is capable of being se-
creted from infected cells and is therefore detectable in the
bloodstream of HCV-infected patients (25, 26). Free core pro-
tein, which is not associated with immune complexes or with
virus particles, is especially detectable in the serologically neg-
ative window phase; the detection of total core protein (i.e.,
core-immune complex) in serum or plasma serves as an indi-
rect marker for HCV replication and viremia (2, 43). The
amount of free core protein does not seem to be large in
chronically infected patients and may not be sufficient for elic-
iting the immunosuppressive effect. However, because of the
limited availability of acute-phase patient samples, the actual
amount of free core protein during the early phase of viral

infection has not yet been determined. Given vigorous HCV
replication in the early phase of infection, it is likely that a
large quantity of core protein is released from infected cells
and circulates in the bloodstream of infected patients during
the acute phase. In addition, it is likely that the amount of free
core protein is larger in the local liver environment than in the
bloodstream, as HCV replication occurs in hepatocytes. We
are currently in the process of quantifying free core protein
present during the acute phase of infection. Nonetheless, the
presence of the circulating core in patient serum during the
early phase of infection may contribute to its multiple immu-
nopathological effects and the anergic state of the host immune
response (33). Interestingly, these effects are conserved among
other hepatotropic viruses, such as hepatitis B virus (HBV). In
HBV infection, soluble HBV core antigen is secreted into the
blood and has been implicated in mediating neonatal T-cell
tolerance (28) and altering the reactivity of HBV-specific
CD8� T cells (35).

gC1qR was initially identified by its ability to bind the glob-
ular “heads” of C1q. The binding of C1q to gC1qR is both
specific and saturable, with an approximate Kd of 2.4 � 10�7 M
(15). The interaction of C1q with gC1qR induces a wide range
of biological responses, including the inhibition of T-cell pro-
liferation (6, 13). Here, we found that the HCV core binds to
gC1qR with an affinity similar to that of C1q, a finding which
is fundamentally important. However, why the HCV core elic-
its a stronger inhibitory signal for T cells than does C1q re-
mains unknown. While the BIAcore system allows for real-
time measurements of protein-protein interactions in vitro,
gC1qR covalently coupled to a chip likely is present in a con-
formation different from that associated with the surface of
cells in vivo, a scenario which might artificially skew the bind-
ing ability of the HCV core. Additionally, it is possible that
while both the HCV core and C1q cause diminished T-cell
proliferation, this effect may occur through different signaling
pathways, accounting for variances in potency.

gC1qR is ubiquitously expressed in most cell types, both
intracellularly and on the plasma membrane, although how
gC1qR is anchored to the surface of cells remains unclear.
Indeed, gC1qR is devoid of a typical hydrophobic transmem-
brane-spanning region or a consensus site for glycosylphophati-
dylinositol anchoring. It has been reported that gC1qR is an-
chored to the cell surface through its association with �1-
integrin (10). The investigation of another possible docking
protein(s) complexed with gC1qR as well as the signaling path-
way for the gC1qR-mediated inhibition of T-cell function is
currently under way. Ligation of gC1qR may provide a signal
to turn off or raise the threshold for T-cell activation. Thus,
complement activation can regulate T-cell responses, provid-
ing a bridge between innate immunity and adaptive immunity.
Importantly, the binding of the HCV core to gC1qR displayed
on the surface of T cells leads to the impaired activation of Lck
and ZAP-70, which are critical during the early stages of T-cell
activation. However, the mechanism of this core-gC1qR-in-
duced suppression of these Src kinases remains unknown. It is
likely that negative regulatory receptors, such as PD-1,
CTLA-4, and Fas, cytoplasmic inhibitory proteins, such as Csk,
SHP-1, and SHIP-2, and suppressors of cytokine signaling
(SOCS) play roles in inhibiting the early events of T-cell acti-
vation. Importantly, SOCS family members interact with pro-
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teins critical for T-cell activation (e.g., ZAP-70, Gfi-1, and
calcineurin). We are currently investigating the possibility that
these negative regulators are induced by core-gC1qR engage-
ment.

It is important to point out that both CD4� and CD8� T-cell
responses are impaired in patients with chronic HCV infection.
Although we cannot rule out the possibility that impaired T-
cell function also arises from core-induced effects on antigen-
presenting cells, such as dendritic cells, we demonstrated here
that the suppression of mitogen-stimulated T-cell activation
and proliferation by the HCV core is directly dependent on the
surface expression of gC1qR. Interestingly, CD8� T cells were
found to express gC1qR at higher levels and to exhibit a higher
level of inhibition in the presence of HCV core than CD4� T
cells. While these findings may explain why we observed a
stronger inhibitory effect of the core on the CD8�-T-cell pop-
ulation, it does not exclude other potential mechanisms; i.e.,
different cell subsets may possess distinct molecular character-
istics that can alter a subsequent intracellular signaling path-
way(s).

Here, we demonstrated that the core-gC1qR interaction is
required for inhibiting T-cell function. The interaction be-
tween the HCV core and gC1qR may provide the virus with a
means of host immune evasion, which would contribute to the
development of persistent infection. Thus, an factor that can
intervene in the HCV core-gC1qR interaction may offer a
potential rationale for designing therapeutic agents to prevent
persistent HCV infection.
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